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(54) Foamable drilling fluid 

(57) A foamable drilling fluid for use in well opera- 
tions such as deep water offshore drilling where risers 
are not employed in returning the fluid to the surface 
mud pit comprises a prehydrated clay such as ben- 
tonite: water: a surfactant selected from a-olefinsul- 



fonates, alkylpolyglycosides. alcohol sulfates and salts 
of ethoxytated alcohol sulfates, and a stabilizing sur- 
factant such as cocoamine betaine. The drilling fluid can 
also contain an hydraulic material selected from Port- 
land cement, siliceous material like fumed silica : blast 
furnace slag and pozzotans such as fly ash. 
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Description 

The present invention relates generally to a drilling fluid and. more particularly, to a foamable drilling fluid for use 
in well operations such as deep water offshore drilling. 

5 A variety of fluids are known for use in drilling wellbores. Conventionally, a wellbore is drilled using a drilling fluid 

that is circulaled through the wellbore. After the wellbore is drilled, the circulation of the drilling fluid is stopped, the 
well is logged and a string of pipe is run in the wellbore. After the pipe is run. the drilling fluid in the wellbore is cleaned 
up by circulating drilling fluid downwardly through the interior of the pipe and upwardly through the annulus between 
the exterior of the pipe and the walls of the wellbore while removing drilling solids and gas therefrom. Primary cementing 

jo operations are then performed in the wellbore, i.e. the string of pipe disposed in the wellbore is cemented therein by 
placing a cementing composition in the annulus between the pipe and the walls of the wellbore. 

Single phase (liquid only) water based drilling fluids are commonly used in both onshore and offshore operations 
whereas two phase (liquid and gas), often referred to as foamed drilling fluids, are typically used only in onshore drilling 
operations. Conventional offshore drilling fluids consist of sea water as the base fluid and are circulated from the well 

is annulus to the sea floor. 

Oflshore well completions at depths in excess ol 2000 feet ol water are often referred to as "deep water" operations. 
In certain deep water operations, such as in the Gulf o\ Mexico, the formations where conductor pipe is cemented that 
is less than 2000 feet below mud line (BML) are generally young geologically and are not well consolidated. The 
formations generally are the product of erosion from the continental shelf. This can cause numerous problems in ce- 

20 menling the casing in the wellbore. 

Some standard offshoie drilling operations for drilling the conductoi casing intervals do not utilize a riser for re- 
turning the drilling fluid to the surface mud pit wherefore acceptable drilling fluids must be environmentally safe for 
return to the sea floor. As a result, most offshore drilling fluids consist essentially of sea water. 

Numerous offshore drilling problems result from not having a riser to return drilling fluids to the mud pit and from 

2S using primarily sea water as the drilling fluid. Importantly, the use of sea water alone provides little or no fluid loss 
control, and the use of fluid loss additives therewith is uneconomical because risers are not used and the drilling fluid 
is lost when circulated to the sea floor. Fluid loss from a sea water based drilling fluid allows the cuttings and particulates 
circulated during drilling to form the basis of a thick mud filter cake build up in the annulus, which compromises the 
long term integrity of the cement job because filter cake buildup against the formation face provides a pathway for 

30 undesired water or sand flow 

Hence, numerous advantages are gained when a stable two phase (liquid and gas) foamed drilling fluid is used 
in offshore drilling operations. The stable foamed drilling fluid, which consists of system analogous to an emulsion with 
gas as the internal phase and liquid as the external phase, has low fluid loss which results in less filter cake buildup 
in the annulus of the well and a better cement job. The foaming action imparts greater volume to the starting fluid 

35 volume. Larger fluid volumes improve cuttings removal because the concentration of cuttings in the mud often reaches 
a saturation point in these drilling operations At the saturation point, the only way to remove additional cuttings from 
the well is to increase the fluid volume pumped. The viscosity of the foamed drilling fluid allows effective lifting of 
relatively large particles having a diameter of several inches. This characteristic of a foamed fluid is particularly impor- 
tant in a large annulus where any fluid encounters reduced velocity and thereby reduced cuttings carry -capacity. Density 

■to of the foamed fluid is easily adjusted through control of the amount of gas used in foaming the fluid thereby increasing 
the operational ease of handling. Decreased leak-off from the foamed fluid results in less clay swelling thus reducing 
the chances of having washed out portions in the wellbore. Also, the foamed flutd has a tower hydrostatic pressure 
which reduces the chance of fracturing the formation when low fracture gradients are present in the wellbore 

Known foam drilling fluids are used in conjunction with risers or the like for returntng the fluid to the rig floor. Hence, 

•*5 the foam fluids are unstable and break down when the drilling action ceases or the fluids are returned such that the 
cuttings are easily separated from the returns and the fluid can be recirculated into the well. Additionally, the unstable 
foamed fluid will release suspended cuttings and allow them to return downhole if the drilling action ceases while the 
fluid is in the wellbore. 

There is a need for a stable foamed fluid that does not break down and return cuttings downhole if the drilling 
50 action ceases, which is especially desirable in wellbores having a large annulus. To date, no stable foamed fluids have 
been used m operations having risers because the volume of the returns would be unmanageable without foam break- 
down. Hence, in well operations without risers, it is desirable to provide a stabilized foam drilling fluid which is envi- 
ronmentally safe since returns arc circulated to the sea floor. 

Furthermore, it is desirable to have a foamed drilling fluid which includes hydraulic materials to setup the filter cake 
55 and by-passed mud thereby preventing many of the problems presented herein. The hydraulic material solidifies the 
filler cake, reduces the filter cake permeability, and provides better bonding with conventional cement slurries. Never- 
theless, until now, no foamed drilling fluid containing an hydraulic material has been provided. 

We have now devised a stable and environmentally safe foamable drilling fluid by which many of the above re- 
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quirements can be met 

According to the present invention, there is provided a foamable drilling fluid composition for use in drilling oper- 
ations, which composition comprises a starting fluid comprising prehydrated clay: water: a foaming surfactant for use 
in foaming the drilling fluid, and a stabilizing surfactant for stabilizing the drilling fluid after the fluid is foamed. 
5 The invention also includes a method of using a foamable drilling fluid composition in deep water offshore drilling 

operations, which comprises the steps of drilling a wellbore. foaming a drilling fluid composition of the invention and 
circulating the foamed drilling fluid in said wellbore 

Wellbores are commonly drilled using a rotary bit connected to a string of drill pipe. The drill pipe and bit are rotated 
and a drilling fluid is circulated downwardly through the drill pipe, through ports in the drill bit and then upwardly through 
w the annulus between the drill pipe and the walls of the wellbore to the surface. The drilling fluid transports cuttings 
produced by the drill bit to the suriace. The present invention provides a stable and environmentally safe foamed drilling 
fluid for use in offshore drilling operations where the foamed fluid is circulated to the sea floor. As such, a preferred 
foamable drilling fluid comprises a starting fluid made from a clay such as bentonite, attapulgite or sepiotite and is 
prehydrated with fresh water, sea water, or common salt solutions. Further the preferred foamable drilling fluid includes 
'5 sea water, a foaming surfactant for foaming the fluid and a stabilizing surfactant for stabilizing the foamed fluid. The 
foaming surfactant is selected from the group consisting of a-oletinsultonates, alkylpolyglycosides, alcohol sulfates or 
salts of ethoxylated alcohol suliates. A sufficient amount of stabilizing surfactant, such as cocoamine betaine. is used 
in the fluid tor reducing foam breakdown upon drilling cessation, reducing filter cake buildup and increasing the carrying 
capacity of cuttings and otner solids. 
20 tn addition a foamable drilling fluid is provided which includes an hydraulic material selected from the group con- 

sisting of Portland cement siliceous material like fumed silica, blast furnace slag and pozzolans such as fly ash The 
hydraulic material solidifies the filter cake and any by-passed mud, reduces the filter cake permeability, and provides 
better bonding with conventional cement slurries. 

As mentioned above, the foam drilling fluid composition and methods of the present invention are for use in well 
25 drilling operations, and particularly in deep water offshore drilling where a riser is not being utilized. The present in- 
vention provides a stable and environmentally safe foamable drilling fluid composition and methods of use therefor. 
Additionally, the present invention provides a foamable drilling ftuid including an hydraulic material. 

A preferred starting fluid comprises a clay such as bentonite, attapulgite or sepiolite which is prehydrated in fresh 
water sea waler, or salt solution to form a slurry. Water, preferably sea water, brine or other common salt solution, is 
30 added to the starting fluid in the range from about 0 bbl to about 2 bbl per bbl of starting fluid slurry. A foaming surfactant 
for use in foaming the drilling fluid is selected from the group consisting of a-olefinsulfonates, alkylpolyglycosides. 
alcohol sulfates, and salts of ethoxylated alcohol sulfates. Preferred foaming surfactants are commercially available 
under the tradenames "AQF-2" and "CFA-S" from Halliburton Energy Services of Duncan, Oklahoma. Other available 
foaming surfactants include "FDP-C485", "HOWCO SUDS', and -SIMULSOL-1 0": wherein the 'FOP-C485" and "HOW- 
35 CO SUDS" surfactants are available from Halliburton Energy Services of Duncan, Oklahoma; and the "SIMULSOL- 
10" surfactant is available from Seppic, Inc., of Fairfield, New Jersey. The foaming surfactant concentration is provided 
in the range from about 1 % to about 4% by volume of water (BVOW). 

The preferred stabilizing surfactant consists of cocoamine betaine and is available under the tradename "HC-2" 
from Halliburton Energy Services of Duncan, Oklahoma. The stabilizing surfactant concentration is provided in the 
40 range from about 0.5% to about 2% BVOW. A sufficient amount of stabilizing surfactant is used for stabilizing the 
foamed drilling fluid (i.e. the foamed drilling fluid will not significantly breakdown in the wellbore upon drilling cessation). 

Barite may be added to the drilling fluid composition as a weighting material for achieving a desired drilling fluid 
density. In addition, an hydraulic material may be added to the composition wherein the hydraulic material is selected 
from a group consisting of Portland cement, siliceous material like lumed silica, blast furnace stag and pozzolans such 
*s as fly ash. The barite and/or hydraulic material are added in the drilling fluid in an amount necessary for achieving a 
desired density of the unfoamed drilling fluid composition. The density of the unfoamed drilling fluid composition can 
range from about 9 to about 17 lbs/gal, while the density of the foamed drilling fluid composition is in the range from 
about 6 to about 13 lbs/gal. The preferred density of the unfoamed drilling fluid is in the range ol about 13 lb/gal to 
about 15 lb/gal, while the preferred foamed drilling fluid density is about 9 lb/gal to about 12 lb/gal. 
so Various preferred ranges for the drilling fluid composition are set out below. 
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Preferred Ranges for Different Materials 


5 




(% BVOW) 


Amount (% Bame/Hydraulic 
Material)* 


Starting Density (lb/gal) 




Class F Fly Ash 










Surfactants 








W 


"HOWCO SUDS"/"HC-2"® 
"AQF-'2/"HC-2" 


2/1 
4/2 


75/25 
85/15 


15 
15 




Class C Fly Ash 










Surfactants 








i c 


"AQF-2VHC-2" 


2/1 


0/100 


13 


* o 


Silicalite (Compacted Powder 
or Liquid) 










Surfactants: 








20 


•AQF-2VHC-2" 


4/2 


50/50 


13 




SLAG. 










Surfactants: 








2S 


"S1MULSOL'®-l0/"HC-2' 
"AQF-27"HC-2" 


4/2 
1/0.5 


0/100 
0/100 


15 
15 



* Percent in an amount necessary foi achieving a desired density of the unfoamed drilling fluid composition in the range from about 9 lo about 1 7 lbs>gal 



Other fluid loss control addilives : such as carboxymethylcellulose : starch, co-polymer of NNDMA & AMPS, poly 
anionic cellulose, and/or dtspersants such as sulfonated styrene maleic anhydride and lignm based materials, can be 
30 utilized in the drilling fluid. 

The drilling fluid composition provided herein is pre-mixed using conventional rig equipment such as mud mixing 
pits, and is preferably foamed using a tee foam generator. The tee foam generator is comprised of a choke nozzle 
(part no. 439.00272), ceramic insert (part no. 643.0355) and T-body (425.80463), each of which is available from 
Halliburton Energy Services of Duncan, Oklahoma The tee foam generator introduces nitrogen, compressed air or 
35 other suitable gas into the drilling fluid composition 

The methods of using the foamable drilling fluid composition in deep water offshore drilling operations basically 
comprise the steps of drilling a wellbore; providing a foamable drilling fluid as described herein; foaming the drilling 
fluid: and circulating the foamed drilling fluid composition in the wellbore. The foamed fluid may be used in periodic 
sweeps of the wellbore as staged with conventional drilling fluids. Further, the circulating foamed drilling fluid may 
40 include the hydraulic material which either with activation or time will solidify the filter cake 

To further illustrate the present invention, and not by way of limitation, the following examples are provided. 

EXAMPLE I 

45 Dynamic fluid loss tests were performed using sweeps of the foamed drilling fluid composition of the present 

invention at a test temperature of 60°F and a pressure of 120 psi. The recipes of the compositions tested and the test 
results are set out in TABLE L below. 

Each of the compositions included prehydrated bentonite (at a concentration of 30 Ib/bbl bentonite in fresh water), 
sea water and barite, while some of the compositions included either blast furnace slag, fumed silica or fly ash (Class 
50 C). Various amounts of foaming surfactant, stabilizing surfactant and additional fluid loss additives were employed in 
the testing. The data indicates the grams of filtrate which were collected over lime using a "METTLER" Balance. 

Referring now to TABLE I, it is seen that optimum filtrate ranges are provided using various concentrations of 
hydraulic materials and surfactants. 
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EXAMPLE II 

Foam stability and rheology tests were performed at room temperature, unless indicated otherwise, using various 
55 loam drilling fluid compositions containing hydraulic materials including either fly ash (Class C), blast furnace slag, 
compacted silicate or fly ash (Class F). The recipes of the compositions tested and the test results are set out in TABLES 
II, III. IV and V, below. 



BNSOOCtO <EP 0761796A1 I > 



6 



EP 0 761 798 A1 




7 

BNSOOCIO <EP 0761796A1 » > 



EP 0 761 798 A1 




8 



EP 0 761 798 A1 



o 

<4J 



w 



15 



2S 



30 



40 



45 



SO 



«0 



38 



* a 

o a 



o 

H 



n c< n 



m **i (fi m 



^ © u> 
a if) H d 



in o in in n 
*h tn » t- • 



tn in m 
o ^ o 



m 

c 

> 
•rl 

-C 
'J 

U 

0 



4) 
T3 
T3 

aj 



a 



Li 

ii 0 - 

° -3 a 

~ 3^ 



i o *; 



0 
u 

?s 

S- 

c 

8 

2 

H 

(3 

3 



•* e « s. 

e 0-1 



Of 



oj 



H 



O 



n 



09 



VO O 



> 

o — 
u a 

O S 

0 2 

\a i- 
rl 0 
^ > 

IS 

H o 

01 o 



3 



_ u 

* -o 3 

1 tJ 0 

o«a > 

2 i o 

?si2 



u 



< U P 
& 3 t 
c au 
c < 

it 01 r 



» 0J 



BNSOOCIO <EP 0761796AI I > 



9 



EP 0 761 798 A1 



U 

u 

0 

U 
IS 



15 



30 



35 



40 



45 



A 

H 
fc, 

ft- 

e 

8 
O 



% 

■ o 

u 
a 



s: 



H * 
jj 3 



52 



ffl 
CD 



U 

9 «1 H 

w 5 



•0 

(9 AJ 

ill 



1 



55 



(1 

u 



o 



(6 



GO 



tn 

CO 



d 



o 

W 
0 



T3 



9 
1) 



ri 0 

5 -S 



c 



O 0 

o ^ 
w c 

O Q 
0* TJ 



u 

JJ 



0 
u 



■3 s 

™ 01 

41 

0 

V) 

a 



si 

Hi 



el 
o 



©I 



vol 



tn 



vn 
in 
i 

su 
t 



i 



&4 



CD 



in 
o 



ri 



ri 



cn n 
h rt 



o 

So 

u 2 



• a 

a o 



s > * 

q * P 



J? 5 

«•! 

e tJ § 

S"J 

_ Q 
^ C 



■ B 

CL CQ 
O ■ 



10 



EP 0 761 798 A1 

Referring now to TABLES ll-V, it is seen that loam stabilities are provided using various hydraulic materials. 

The present invention of utilising foamed drilling fluid has a number of benefits, such as increasing the drilling fluid 
viscosity for cleaning the wellbore and carrying solids, imparting fluid loss control to the drilling fluid, adding volume to 
the original fluid, imparting gel strength to stabilise the wellbore and minimise washed out regions, and allowing easy 
5 adjustment of the drilling fluid density. 



Claims 

io 1. A foamable drilling fluid composition for use in drilling operations, which composition comprises a starting fluid 
comprising prehydrated clay; water: a foaming surfactant for use in foaming the drilling fluid: and a stabilising 
surfactant tor stabilising the drilling fluid after the fluid is foamed. 

2. A composition according to claim 1 s wherein the water is fresh water, sea water or brine. 

is 

3. A composition according to claim 1 or 2. wherein the foaming surfactant is an a-olef msullonate : alkylpolyglycoside : 
alcohol sulfate or salt of an ethoxylated alcohol sulfate. 

4. A composition according to claim 1, 2 or 3, wherein the foaming surfactant is present in the drilling fluid in an 
20 amount of from 1% lo 4% by volume of the waier. 

5. A composition according to claim 1 , 2. 3 or 4. wherein the stabilizing surfactant comprises cocoamine betaine. 

6. A composition according to any of claims 1 to 5, wherein the stabilizing surfactant is present in the drilling fluid in 
25 an amount of from 0.5% to 2% by volume of the water. 

7. A composition according to any of claims 1 to 6, further comprising an hydraulic material. 

8. A composition according to claim 7, wherein the hydraulic material is Portland cement, siliceous material, blast 
30 furnace slag or a pozzolan 

9. A composition according to claim 7 or 8. further comprising barite. 

1 0. A composition according to claim 1, 8 or 9, wherein the hydraulic material and any barite are present in the drilling 
35 fluid in an amount necessary to provide the drilling fluid composition with an unfoamed density in the range of 9 

to 1 7 lbs/gal. 

11. a method of using a foamable drilling fluid composition in deep water offshore drilling operations, which comprises 
tne steps of drilling a wellbore; foaming a drilling fluid composition as claimed in any of claims 1 to 1 0: and circulating 

40 the foamed drilling fluid in said wellbore. 
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